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$H$ H bert , $C$ $H$ , $T$ $C$ $C$
. , $x_{1}=x\in C,$ $n\in \mathrm{N}$
$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})Tx_{n}$
$\{x_{n}\}$ Halpern , $\{\alpha_{n}\}$ $[0,1]$
. Halpern [9] , $T$ –
. 1992 , Wittmann [30] , Hilbert Halpern
$\{x_{n}\}$ . , Shioji-Takahashi [25] , Banach
Halpern $\{x_{n}\}$ , Wittmann [30]
– . , , Takahashi-Kim [27],
Atsushiba-Takahashi [2] .
$H$ Hilbert , $C$ $H$ , $A$ $C$ $H$
. , $v\in C$
$(v-u,$ $Au\rangle\geq 0$
, $u\in C$ , $\mathrm{V}\mathrm{I}(C, A)$ .
u . ,
Stampacchia $[17, 18]$ 1964 , , . $P_{C}$
$H$ $C$ , . , $x_{1}=x\in C,$ $n\in \mathrm{N}$
$x_{n+1}=P_{C}(x_{n}-rAx_{n})$
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$\{x_{n}\}$ , .
$\mathrm{I}\mathrm{i}\mathrm{d}\mathrm{u}\mathrm{k}\mathrm{a}-\mathrm{T}\mathrm{a}\mathrm{k}\mathrm{a}\mathrm{h}\mathrm{a}s$hi [10] , ,
Halpern , .
1.1 ([10]). $C$ Hilbert $H$ , $\alpha>0$ . $A$
$C$ $H$ $\alpha$- , , $x,$ $y\in C$
$\langle$Ax–Ay, $x-y\rangle$ $\geq\alpha||Ax-Ay||^{2}$
, $\mathrm{V}\mathrm{I}(C, A)\neq\emptyset$ . $\{\alpha_{n}\}$ $[0,1]$ ,
$narrow\infty 1\mathrm{i}\mathrm{m}\alpha_{n}=0$ , $\sum_{n=1}^{\infty}$ $\alpha$$n$ $=$ $\infty$ $\sum_{\mathrm{n}=1}^{\infty}|\alpha_{n+1}-\alpha_{n1}<\infty$ (1.1)
. $\{\lambda_{n}\}$ $a>0$
$\sum_{n=1}^{\infty}|\lambda_{n+1}-\lambda_{n}|<\infty$ (12)
$[a, 2\alpha]$ . , $x_{1}=x\in C$ , $n\in \mathrm{N}$
$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})P_{C}(x_{n}-\lambda_{n}Ax_{n})$
$\{x_{n}\}$ . , $\{x_{n}\}$ $\mathrm{V}\mathrm{I}(C, A)$ $z$ .
, Hilbert [1]
, 11 .
1.2. $E$ smooth Banach , $E^{*}$ $E$ . $\langle x, f\rangle$ $x\in E$
$f\in E^{*}$ . $C$ $E$ , $A$ $C$ $E$
. , $v\in C$
$\langle$Au, $J(v-u)\rangle$ $\geq 0$
$u\in C$ . , $J$ $E$ .
L2 $u\in C$ $\mathrm{S}(C, A)$ . ,
$\mathrm{S}(C, A)=$ {$u\in C$ : $v\in C$ $\langle$Au, $J(v-u)\rangle\geq 0$}.
, ,
[1]. 12 , $\{x_{n}\}$ . $x_{1}=x\in C,$ $n\in \mathrm{N}$
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$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})Q_{C}(x_{n}-\lambda_{n}Ax_{n})$ . (1.3)
, $Qc$ $E$ $C$ , {\alpha $[0,1]$ , $\{\lambda_{n}\}$
. , Banach , [10] (
11) ( 3.1) . , .
2
$E$ $||\cdot||$ Banach , $E^{*}$ $E$ . $x\in E$
$f\in E^{*}$ $\langle x, f\rangle$ . $\mathrm{N}$ .
$q>1$ . $x\in E$ , $E$ $2^{E}$ $J_{q}$ (
) .
$J_{q}(x)=\{x^{*}\in E^{*} : \langle x, x^{*}\rangle=||x||^{q}, ||x^{*}||=||x||^{q-1}\}$ , $\forall x\in E$ .
, $J_{2}$ $J$ , ( ) . $x\neq 0$ , $J_{q}(x)=$
$||x||^{q-2}J(x)$ , $E$ Hilbert , $J$ $E$ $I$ .
$J$ $E$ . $U=\{x\in E:||x||=1\}$
, $x,$ $y\in U$
$\lim_{tarrow 0}\frac{||x+ty||-||x||}{t}$ (2.1)
, $E$ G\^ateaux . ,
Banach $E$ smooth . $E$ smooth , $J$
– . $y\in U$ (2.1) $x\in U$ – ,
$E$ uniformly G\^ateaux \urcorner D . $x,$ $y\in U$ –
(2.1) , $E$ uniformly smooth [26].
$\rho:[0, \infty)arrow[0, \infty)$ , Banach $E$ modulus of smooth-
naes .
$\rho(\tau)=\sup\{\frac{1}{2}(||x+y||+||x-y||)-1$ : $x,$ $y\in E,$ $||x||=1,$ $||y||=\tau\},$ $\forall\tau\in[0, \infty)$ .
$E$ uniformly smooth , $\lim_{\tauarrow\infty}\rho(\tau)/\tau=0$
. $q$ $1<q\leq 2$ Banach $E$ q-uniformly
smooth(q-US) , $c>0$ , $\tau>0$ , $\rho(\tau)\leq$
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$c\tau^{q}$ . , , [3] [29]
. q-US Banach , $[3, 4]$ :
2.1 ([3, 4]). $E$ Banach , $q$ $1<q\leq 2$ , $E$
qq-US , $K\geq 1$ , $x,$ $y\in E$
$\frac{1}{2}(||x+y||^{q}+||x-y||^{q})\leq||x||^{q}+||Ky||^{q}$ (2.2)
.
(2.2) $K$ , $E$ q-uniformly smoothn\’es
constant [3]. 2.1 .
2.2 ([$1]). $E$ Banach , $q$ $1<q\leq 2$ , $E$ q-US
. , $x,$ $y\in E$
$||x+y||^{q}\leq||x||^{q}+q\langle y, J_{q}(x)\rangle+2||Ky||^{q}$
. , $J_{q}$ $E$ – , $K$ $E$ q-uniformly
smoothn\’es constant .
Banach $E$ – , $\epsilon\in(0,2]$ , $\delta>0$ ,
$x,$ $y\in U=\{x\in E:||x||=1\}$
$||x-y||\geq\epsilon$ $\mathrm{I}\mathrm{I}^{\frac{x+y}{2}||}\leq 1-\delta$
. , $x,$ $y\in$ U( , $x\neq y$ ) , $||x+y||<,2$
, $E$ . $E$ $E=(E^{*})^{*}$ , $E$
. Banach , .
$E$ Banach , $C$ $E$ , $C$ $C$
$T$ , $x,$ $y\in C$
$||Tx-Ty||\leq||x-y||$
. $T$ $\mathrm{F}(T)$ Banach ,
$\mathrm{F}(T)$ [26]. Banach $E$ $C$
, 2 $C$ $D$ , $z\in D$





2.3 (Kirk [15]). $E$ Banach , $E$ $C$
. $T$ $C$ $C$ . , $\mathrm{F}(T)\neq\emptyset$ .
$C$ Banach $E$ , $D$ $C$ .
, $C$ $D$ $Q$ , $x\in C$ $t\geq 0$
$Q(Qx+t(x-Qx))=Qx$
. , $C$ $D$ $Q$ , $x\in C$
, $Qx=x$ . $D$ $C$ ,
$C$ $D$ .
, [16] .
2.4 ([16]). $E$ – uniformly smooth Banach , $C$ $E$
. $T$ $C$ $C$ , $\mathrm{F}(T)\neq\emptyset$ .
, $F(T)$ $C$ .
[22] , – .
2.5 ([22], [7]). $C$ smooth Banach $E$
. $Q_{C}$ $E$ $C$ . , $Q_{C}$ ,
$x\in E$ $y\in C$
$\langle x-Qcx, J(y-Q_{C^{X}})\rangle\leq 0$
.
$E$ Hilbert , $E$ $C$ $Qc$ , $E$ $C$
– .
$E$ Banach , $C$ $E$ . $C$ $E$ $A$





2.6 ([1]). $C$ smooth Banach $E$ .
$Q_{C}$ $E$ $C$ , $A$ $C$ $E$ .
, $\lambda>0$
$\mathrm{S}(C, A)=\mathrm{F}(Q_{C}(I-\lambda A))$
. , $\mathrm{S}(C, A)$ , 12 .
, smooth Banach , Hilbert
– . $C$ smooth Banach $E$
, $\alpha>0$ . $C$ $E$ $A$ \alpha [1] ,
$x,$ $y\in C$
$\langle$Ax–Ay, $J(x-y)\rangle$ $\geq\alpha||Ax-Ay||^{2}$ (2.3)
. $E$ Hilbert , ,
[6, 13, 19] . (2.3) , $x,$ $y\in C$
$|| \dot{A}x-Ay||\leq\frac{1}{\alpha}||x-y||$
. 2-US Banach ,
.
2.7 ([1]). $C$ 2-US Banach $E$ . $\alpha>0$
, $A$ $C$ $E$ \alpha . $\lambda$ $0<\lambda\leq\alpha/K^{2}$
. , $I-\lambda A$ $C$ $E$ , $K$ $E$ 2-uniformly
smoothness constant .







, $0<\lambda\leq\alpha/K^{2}$ , $I-\lambda A$
64
2.3, 26 27 , $D$ – 2-US Banach
$E$ , $E$ , , $A$ $D$
$E$ , $\mathrm{S}(D, A)\neq\emptyset$ .
3
, $2$-US – Banach
– , , . ,
Shioji-Takahashi [25] .
3.1. $E$ 2-US – Banach , $C$ $E$
. $Q_{C}$ $E$ $C$ . $\alpha>0$ , $A$ $C$ $E$ $\alpha-$
, $\mathrm{S}(C, A)\neq\emptyset$ . $\{\alpha_{n}\}$ (1.1) $[0,1]$ ,
$\{\lambda_{n}\}$ $a>0$ (1.2) $[a, \alpha/K^{2}]$ . , $K$ $E$
-uniformly smoothness constant , $x_{1}=x\in C$ , , $n\in \mathrm{N}$
(1.3) {x , $\mathrm{S}(C, A)$ $z$ .
, 3.1 . ,
.
3.2. $E$ $2$-US Btach , $\alpha>0$ . $A$ $E$ $E$
$\alpha$- , $A^{-1}0=$ {$u\in E$ :Au=0}\neq \emptyset . $\{\alpha_{n}\}$ (1.1)
$[0,1]$ , $\{\lambda_{n}\}$ $a>0$ (1.2) $[a, \alpha/K^{2}]$
. , $K$ $E$ 2-uniformly smoothness constant . $x_{1}=x\in E$ ,
$n\in \mathrm{N}$
$x_{n+1}=\alpha_{n}x+(1-\alpha_{n})(x_{n}-\lambda_{n}Ax_{n})$
$\{x_{n}\}$ . , {x $A^{-1}0$ $z$ .




. , $S(E, A)=A^{-1}0$ . 3.1 , {x $A^{-1}0$
$z$ .
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3.1 , (strictly pseudocontractive maPPing)
. $k$ $0\leq k<1$ , $C$ Banach $E$
. , $C$ $C$ $T$ $k$- $[6, 21]$
, $x,$ $y\in C$ , $j(x-y)\in J(x-y)$ ,
$\langle$Tx–Ty, $j(x-y)\rangle$ $\leq||x-y||^{2}-\frac{1-k}{2}||(I-T)x-(I-T)y||^{2}$ (3.1)
. (3.1) ,
$\langle(I-T)x-(I - T)y,j(x-y)\rangle\geq\frac{1-k}{2}||(I-T)x-(I-T)y||^{2}$
, $T:Carrow C$ $k$- , $I-T$ $C$ $E$
(l–k)/2- .
8.8. $E$ $2$-US Banach , $C$ $E$ $E$
. $k$ $0\leq k<1$ , $T$ $C$ $C$
$k$- , $\mathrm{F}(T)=\{x\in C:Tx=x\}\neq\emptyset$ . $\{\alpha_{\mathrm{n}}\}$ (11)
$[0,1]$ , $\{\lambda_{n}\}$ $a>0$ (1.2) $[a, \alpha/K^{2}]$
. , $K$ $E$ 2-uniformly smoothnaes constant . $x_{1}.=x\in C$ , ,
$n\in \mathrm{N}$
$x_{\mathrm{n}+1}=\alpha_{n}x+(1-\alpha_{n})((1-\lambda_{n})x_{n}+\lambda_{n}Tx_{n})$
$\{x_{n}\}$ . , $\{x_{n}\}$ $\mathrm{F}(T)$ $z$ .
. , $I-T$ $C$ $E$ $(1 -k)/2$- . ,
$\mathrm{F}(T)=\mathrm{S}(C, \dot{I}-T)\text{ }\mathrm{B}^{\mathrm{a}}$. . , $Qc$ $E$ $C$
, $n\in \mathrm{N}$
$(1-\lambda_{n})x_{n}+\lambda_{n}Tx_{n}=Q_{C}(x_{n}-\lambda_{n}(I-T)x_{n})$
. , 31 , $\{x_{n}\}$ $\mathrm{F}(T)=\mathrm{S}(C, I-T)$ $z$
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